Many species in the Enterobacteriaceae can be found in various environments and are often commensal in human intestines. However, these organisms can cause infections, with the hospital environment being one of the major settings. The factors that provoke commensal bacteria to become nosocomial pathogens are largely unknown and cell-cell communication has been speculated as being involved in this process (Kaper & Sperandio, 2005) . In this study, we examined AHL-like quorum signal production in 53 strains belonging to the Enterobacteriaceae, isolated from blood samples of patients with high fever admitted to the Sir Run Run Shaw Hospital in Hanzhou, China. We found that diverse AHL signals were produced in many of these clinical isolates under different growth conditions, indicating that AHL production exists in a wide variety of enterobacteria capable of causing infections. This highlights the importance of future studies of the relationship between quorum sensing and pathogenesis of enterobacterial species.
Strains were grown using rich Luria-Bertani (LB) medium or minimal medium (M9 supplemented with 0?5 % glucose) under aerobic (shaking) and microaerophilic conditions (stationary at 0?5 MPa air pressure) at 37˚C until cultures reached a high cell density (OD 600 >2?0). Cell-free supernatants were subjected to AHL bioassays (Zhu et al., 2003) . Supernatants from 44 strains had no detectable AHL activity under any of the growth conditions, whilst supernatants from nine strains displayed various AHL activities under at least one of the growth conditions (Table 1) . Among these, three strains (Enterobacter cloacae, Citrobacter freundii and Serratia marcescens) produced significant amounts of AHLs under all four conditions tested. Two Klebsiella pneumoniae strains, one Klebsiella oxytoca strain and one Enterobacter aerogenes strain produced high AHL activities only when grown microaerophilically in LB medium. One S. marcescens strain (SRRSH67) produced more AHLs in rich media, whilst strain SRRSH69 preferred aerobic growth conditions for AHL production. To visualize the AHL contents produced by the above strains, a TLC analysis (Shaw et al., 1997) was performed by applying ethyl acetate-extracted supernatants to C18 reversed-phase TLC plates (Fig. 1) . Most of the strains produced more than one type of AHL, whilst retaining production of the same AHLs, albeit at different levels, under different growth conditions. This indicated that the expression of AHL synthases in these strains may have been affected by the growth conditions. One exception was seen in S. marcescens SRRSH68, where it produced an extra AHL when grown in LB aerobically, suggesting that multiple AHL synthases are involved.
To evaluate the role that quorum sensing plays in pathogenesis, it is necessary to obtain mutations in quorum-sensing components that disrupt normal quorum-sensing functions. Here, we developed a simple, high-throughput screening method to identify genes involved in AHL synthesis in enterobacteria. We introduced mariner transposon (Rubin et al., 1999) insertions into S. marcescens SRRSH67. The transposon mutants were grown in 96-well plates and then overlaid with agar media containing AHL bioassay strains and X-Gal. After incubation, X-Gal hydrolysis (visible as a blue halo) was examined. From 6000 mutants, we obtained one transposon insertion mutant that failed to produce AHLs in our 96-well assay (producing a white halo). This strain (SRRSH67-1) did not produce AHLs in the standard liquid AHL bioassay (Fig. 2a) and no AHL was detected in a TLC assay (Fig. 2b) . Arbitrary PCR (Judson & Mekalanos, 2000) and sequence analysis were performed to determine the transposon insertion. The insertion was in an open reading frame encoding a protein homologous to the AHL synthase SwrI of Serratia liquefaciens (93 % identity) (Eberl et al., 1996) . Interestingly, quorum sensing may negatively regulate motility in this clinical isolate, as the AHL-deficient mutant was more motile than the wild-type on 0?4 % agar plates (Fig. 2c) . It has been reported that, in S. marcescens SS-1, quorum sensing also negatively regulates motility through SpnR/SpnI (Horng et al., 2002 that they had diverse capacities in their AHL-like quorum signal production. Specific strains also produced different amounts of the same AHLs under different environmental conditions. Thus, it seems that quorum sensing may play an important role in the life cycle of commensal enterobacteria, whether they exist asymptomatically in the gut environment or are provoked into causing infection elsewhere. Interestingly, many enterobacteria do not produce any AHLs under laboratory conditions, including the ATCC type strains (except for Serratia; data not shown). This implies that horizontal transfer occurs during intestinal colonization and may have occurred in the clinical isolates possessing AHL synthase genes in this study. This method of quorum gene transfer may be critical to enable certain species to escape their niche as a symbiotic organism and cause infection. In fact, a mobile quorum-sensing system located on a transposon has recently been identified in a strain of S. marcescens (Wei et al., 2006) .
Table 1. Clinical isolates of enterobacteria grown under different conditions produced various AHL activities
Cultures of the enterobacteria were grown at 37˚C. The rich (LB) and minimal (M9) media were as described previously (Miller, 1972) . Aerobic cultures were shaken at 250 r.p.m.; microaerophilic cultures were grown in a stationary anaerobic chamber with 0?5 MPa air pressure. Supernatants were collected by removal of bacterial cells from cultures grown to a high cell density, using centrifugation and filtration. AHL activity was measured by adding 10 % of the supernatant to an AHL bioassay strain (Zhu et al., 2003) Fig. 1 . TLC analysis of AHL production in different enterobacteria. Supernatants from strains grown under LB/aerobic (LA), LB/ microaerophilic (LM), M9/aerobic (MA) or M9/microaerophilic (MM) conditions were extracted with ethyl acetate and applied to C18 reversed-phase TLC plates (Whatman). After separation, the TLC plates were overlaid with agar medium containing AHL reporter strains and X-Gal and incubated overnight at 28˚C to detect X-Gal hydrolysis. Arrows indicate the positions of synthetic AHLs (3-oxo-C6-HSL and 3-oxo-C8-HSL) run on the same plate. 
